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ABSTRACT. This papor doals with tho study of tho various thoriiiodynamic <|uanf itios 
like internal energy, enthaljiy, entropy, ot(i., involved in th(» investigation of the flow of a 
oonducting fluid in the presence of a uniform transverse magnetic, field. Tho analogues of 
Rayleigh and Fanno lines readily follow from the basic equations. It is shown that tho 
internal energy and enthalpy of an electrically conductiug fluid obeying perfect gas depends, 
in the presence of a transverse magnetie field, on its density and the strength of the magnetic 
field. The entropy and the specific heat at constant volume do not HO('m to bo affected by 
the proBonco of tho magnetic field. The behaviour of tho specific hoat^  at constant pressure 
depends on which of the gas pressure and the total pressure is kept constant. A transverse 
maguotic field rt d^uces the specific heat at constant gas pressure and the corresponding 
adiabatic constant by a factor proportional to th(’ ratio of tho magnetic pressure to the gas 
pressure. However, if tho total pressure is kept constant, tho magniflic. field has no effect, 
on the specific boat. Lastly, tho effect of tho magnotii! field on the velocity of sound is dis­
cussed. Ill t he limiting cases of weak and strong magnetic fields, Die velocity of sound reduces 
to the ordinary sonic speed and tho Alfv6n speed resi)( c^tivoly.
I. I N T R O D U C T I O N
Tho hydroflynamical motion of an oloctrically coiiduciiiig fluid in tho pre­
sence o f a transverse magnetic field gives rise to induced electric currents whi(^ h 
interact with the magnetic field to produce mcehanicaJ forces thereby affecting 
tho fluid flow. Therefore, it is necessary to take acciount of this hydromagnetic 
inl/craction, and hence, the terms involving magnetic field appear in the equations 
governing the fluid flow (Alfv6ii, 1950; and Hoffmann and Teller, 1950). The 
investigation of the compressible fluid flow in the presence of a transverse magne­
tic field was initiated by Hoffmami and Teller (1950) who dcscribi^d the relati­
vistic and nonrelativistic propagation of plane hydromagnetic shock waves in a 
medium of infinite electrical conductivity.
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In order to take aceount of the contribution of the magnetic field to the 
pressure and internal energy of the fluid, we define total pressure and total 
internal enrgy as
— p~\
87T
and
^  E -f
Snp . . .  (2)
Th(*/ unstarred (pi anti ties p and E refer to the gas pressure and internal energy 
in the absence of the magnetic field II. Those quantities are (umnected by the 
relation
e  =  - L .  p
y —1 /> ... (3)
In torniH of the total proRsure p , tho tot.al internal energy E* is given >)y
E ^ = . A i p : ) + y z l ( ^ ^ )  ... (4)
y - l \  p/ 7 - 1  \8;r^ /  ^ '
where y is the ratio of the specific heat at constant pressure to the specific heat 
at constant volume.
Similarly, the total enthalpy hP may bo defined as
A’* +  _  A+ (6)p Anp
where h is the enthalpy in the absence of the magnetic field.
In terms of the Aifv6ii speed
the expression for total enthalpy A® becomc^s
... (7)
From the equations obtained for the limiting case of infinitesimal disturbances 
in the Hoffmann-Toller paper (1950), we may write the equations governing the 
thermodynamics of hydromagnctic fluid flow as the following:
The equation of continuity or constant mass flux
pv =  constant =  M (B)
p f  ^  j f  (9)
and the equations
... (10)
and
Hv =  constant ... (H)
where and are the stagnation values of total pressure and total enthalpy. 
Eq, (10) is analogous to the first law of thermodynainics, while the Eq. (11) 
describes the relation of magnetic  ^ field strength and gas velocity v. From 
Eqs. (8) and (11) it follows that
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the equation o f constant momentum flux
/ / — constant =  a (12)
In other v^ords, the changes in magnetic field strength and density are such that 
the strength of the magnetite fu^ ld is always proportional to density.
TI. R A Y L E I G H  A N D  F A N N O  L I N E S  
The elimination of v between Eqs. (8) and (9) yields
^ 2  rp  . j /2
^ 8^  +  p
(13)
which is the analogue of the Rayleigh line in ordinary gasdynamics. 
Similarly, the elimination of v between (8) and (10) gives
... (14)
which is analogous to the customary Fanno line.
On expressing H in terms of p with the help of Eq. (12), these equations 
reduce to
... (16)
and
w ... (16)
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The eonstaut a is determined from the initial value o f the magnetic field and gas 
density when the gas is at rest.
III. C H A N G E  IN I N T E R N A L  E N E R G Y  
From E<(. (2) we have for the change in internal energy
dF/ =  d { E + ^  )
\ Hnp /
which, witli the help of Eq. (12), redueen to
dE=^  dE+ dp
For a gas satisfying the perfect gas law
p — RTp
(17)
(18)
with R and 2’ as the universal gas constant and absolute temperature, the change 
in internal energy is given by
\ df) } T \ dp ) T Snp^ 2 \ p  / 
where Vjij is the Alfv6u speed. In the limit of zero magnetic field
Hence, the internal energy of a perfect gas of infinite electrical conductivity in 
the i)resonee of a transverse magnetic field dei)onds—unlike in the thermodyna­
mics of ordinary fiiiid flow -on  its density.
TV. C H A N G E  IN E N T H A L P Y  
Similarly, on combining Eqs. (5) and (12), we have for the change in enthalpy
dhF
... (20)
For a gas obeying Eq. (18), the last equation yields
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.. (21)
and for H-^0.
Therefore, it may be concluded that, like internal energy, the enthalpy also 
dopojids on the density o f a (jonducting fluid in the presence of a transverse 
magnetic field.
V. C H A N G E  I N  E N T R O P Y
Here it will be shown that the terms involving magnetic field do not appear 
in the expression for the change in entropy (Seni 1956)
because, on substitution for and dE  ^ from Eqs. (1) and (17), we have
(22)
(23)
=  ds
VI. S P E C I F I C  H E A T S  OF O A 8  
The specific heat o f the fluid a1 constant volume is given by
(dE=^\ 
\ dT< ^ v o l . - [ T r n )  - ^ ( w )  (24)
vol' voh
Therefore, the specific heat at constant volume is not affected by the magnetic 
field.
The influence of a transverse magnetic field on the specific heat at constant 
pressure depends, however, on which of the gas pressure p or the total pressure 
p® is kept constant. I f  the gas pressure p is kept constant, then
\ dT I  ^ 4ttp*
m  ( dp( )\ dT }% ... (25)
which, for a perfect, gas, becomes
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or (y  ^  c  pressureGas pressure
(26)
Hence, the presence of a transverse uniform magnetic field reduces, in this case, 
the specific heat at constant gas pressure by an amount proportional to the ratio 
of the magnetic pressure and the gas j>ressure.
In the second case, when the total pressure is kept constant, we similarly 
have
- C ^ . + p - f j ,  ( j )
[by virtue o f Eq, (12)]
In this case, the terms involving magnetic field do not appear in the expres­
sion for the specific heat which has the same value as in the nonmagnetic case. 
Similarly, the adiabatic constant of the gas is influenced by the transverse mag­
netic field if the gas pressure is maintained constant.
VII. L O C A L  V E L O C I T Y  OP SOU N D
The new velocity of sound C® is analogically defined with the help of 
Eqs. (1) and (12), as
(28)
where C is the velocity o f sound in the absence o f the magnetic field. In the 
case of magnetic field, the new velocity of sound in a conducting fluid is increased, 
the increment being proportional to the ratio of the magnetic pressure and the gas
pressure. However, if the magnetic field exceeds the gas pressure cousidorably, 
the uew velocity of sound approaches the Alfv6n speed. The coincidence with 
the Alfv^n speed is purely accidental. Although the sound waves appear to have 
precisely the same velocity as that of Alfv n^ waves, they are longitudinal in 
character whereas the Alfven waves are trwisvcrse in nature. Similarly, the 
Mach number, in the case of very strong magnetic fields, is defined by the ratio 
of the flow speed and the Alfven speed.
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